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Abstract: This study employed ultrahigh-performance liquid chromatography coupled to quadrupole-orbitrap high
resolution mass spectrometry with optimized chromatographic and mass spectrometric conditions (UPLC-Q-Orbitrap
HRMS), to investigate the contamination status of mycotoxins in silage alfalfa from Gansu Province. By optimizing
chromatographic and mass spectrometric conditions and adopting a dual purification mode of gel permeation
chromatography (GPC) and solid-phase extraction (SPE) to reduce matrix effects, mycotoxin levels in silage alfalfa
samples from 84 sampling sites in 14 regions of Gansu Province were analysed. The results indicated that the
optimized UPLC-Q-Orbitrap HRMS developed in this study could accurately and simultaneously detect 18
mycotoxins in silage alfalfa, namely: aflatoxins B1 and B2, G1 and G2 and M1 and M2 (AFB1, AFB2, AFGI,
AFG2, AFM1 and AFM2, respectively) , ochratoxins A, B and C (OTA, OTB and OTC, respectively), T-2
toxin, HT-2 toxin, deoxynivalenol (DON) , fuminosin B1, B2 and B3 (FB1, FB2 and FB3, respectively) ,
zearalenone (ZEN) , deoxynivalenol-3-glycoside (D3G) and 15-acetyldeoxynivalenol (15-ACDON). The most
frequently detected toxins included AFB1, AFB2, DON, FB1, FB2, FB3, and ZEN, along with masked toxins
such as D3G and 15-ACDON. Among the 84 sampling sites, all 18 mycotoxins were detected in samples from Long
County and Wen County, with AFB1, OTA, T-2, DON, FB1, FB2, and ZEN significantly exceeding reference
tolerance limits (P<C0.05). In Pingliang, Qingyang, Tianshui, Dingxi, Baiyin and Lanzhou, 17 mycotoxins were
detected, primarily AFB1, AFB2, AFG1, AFM1, DON, FB1, FB2, FB3, ZEN, D3G and 15-ACDON, with 3
mycotoxins (AFB1, DON, FB1) exceeding reference tolerance limits. In Wuwei, Jinchang, Zhangye, and
Jiuquan, 9 toxins were detected, primarily AFB1, DON, FB1, and ZEN, all within reference tolerance limits. No
mycotoxins were detected in samples from Diebu County, Xiahe County, Jishishan County in the Gannan and Linxia
regions. This study demonstrates that the developed UPLC-Q-Orbitrap HEMS method enables high-throughput,
highly accurate detection of 18 mycotoxins in silage alfalfa, including masked mycotoxins that are prone to being
overlooked. Mycotoxin concentrations and types in Gansu ensiled alfalfa exhibited distinct regional characteristics.
Pearson correlation and redundancy analysis revealed that average temperature during the ensiling period and altitude
were the significant factors influencing mycotoxins content and types, with explanatory powers of 59.70% and
31.20% , respectively.
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A 1/ARTE D RE Y 52 B0 AN [F) 72 B2 Y LT B R T5 4%, b K20 200 MR RHEY 5 7™ &, R BUE B 9%, & TF
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1.5.1 JFis &1 JEE A3 AT SN R 2 SR R E EOE B T R AR S (ESTH ), g % (Full MS/
ddMS*) Wiy =X, Mm% L R E A 3.4 kV, BANE B9 E R 322 °C, S-lens BB K0 54. 0, — RIS =

B4y ¥k 80000 FWHM,, H 338 25 5 il 1% B 3 X 10°, HH 35 Bl b B far bk (m/z) 70~1050, — 2% it ni S50
FHER N 17000 FWHM, H 3 3 25 2550 0 1107, 13—k filf 18 f & 20 51 28 20,40 F1 60, £ B 7 5 JF fik % B {5 M
8.3X 10",

1.5.2 (A% &t fifi Ff Waters Atiantis® T3 C18 3% (160 mm X 2. 2 mm, 3. 4 pm) #4540 B . WA A N
0. 1% HF R4 AY 5 mmol- L' F R /K VW, T ShAH B o4& 0. 10 F R 4% A9 5 mmol- L AR P Vs i o o6 38 R A
PP AT :0~1 min PR FF 97 %0 A5 1~4 min 1 97 % & Wi FEAK 22 4590 A3 4~8 min 457 Z Wi FEAR 22 346 A ;8. 0~
8.5 min Hy 34 %0 FEAK % 3026 A58. 5~9. 0 min H1 30%6 FEMRZ 2376 A ;9~16 min i 23%0 FEMR % 620 A ;16~20 min i
e 6% A, WEKERNO. 3 mL min ', FEIRAEFR7E 42 °C, ERER R N 3 ul o DABIATH5ME GB/T 30955-2014% 4
X R HEAT ORAR IS 43 BT SR X L o
1.6 7R Rl R -F 7 A e kX B

AR T Full MS/ddMS* AT i 1 AN [R] | 1) 75 8758 46 48 25 1056 0RE & rb 20 500 8 Jon 18 Fh FL 1R 2 R IR & b
YRSV, VA IR B AP G A b L T 1 R I e e I 8 L R RE T 1.2.5.10,20.,50,100,1000 A1 10000 pg-kg
X O EER N, BB KOE AT 6 IR E BRI . I B A 56 R B B e 3R K AH R 4E I 22 (relative standard
deviation, RSD) o [m i, K6 H B A4 B 2 J2 i~ 56 0 o6 111 22 099 oy el 3002 Ik LA AR 5 A o 0 2 1) 3 A5 el o
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ffi i Trace Finder 4. 1 304 &b B4R {4 ( 35 6 58 3R €A W) BH B 28 W) 4f I B R 48 B0 i AT 4R g ok, JF e &
SPSS(26. 0 i) .Origin( 2024 iR ) #3547 B4 58 1127 43 A F Al #E Ak o

2 HBREHGH

2.1 S ik &4

A FE R F I 8N i S LR, X 18 Fh L B B R AEAT A AR Full MS/ddMS®. DL i i 14 P9 15 241 25 718 K
REBS 7o LA 07 B 4 e FL oG 5K F 100 9 3 FAE b 7 55, I8 B fif 1] MS search v. 2. 35/ (36 [E FE 8k« AEY)
FHEE 2 A TR B 1 00 BORORS f T RER, BUTR B R 008 R MO TS S80S 5 B RS A O 1 5 S0
2006/576/EC &ML R, B 45 B0 50006 JE LUF 4500 - 5 AR B0 12 vh B ARG W 09 BE B 2 8 RS 1
BHHWZE<5X10 2D 1T858 A B i 22 <510 "R B 67 10 g £15 s, & @ 18 H i % R i
ESH(R2),
2.2 A &Lt
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2.7 pm) X 18P E B R0 5, Btk B % R D3G A 5 BB A, DL I S 45 v D3G # 2 N,
5 B R, D3G 7 R fF Waters XBridge BEH C18 4 It BB B 4 B M 4 (& 1) , 78 Waters Atiantis® T3 C18 Fll
Agilent Poroshell 120 EC-18 # I W % [ 4, 10ij fy & W A o8 20 8, 0 5 o 25 . [A) obb #9604 U 07 I 7 Waters
Atiantis® T3 C18 WA Jr g 77 1 B3l A .

bl 45 B itk 5 VAF TR] L s i 0. 196 FE TR B4 V5 Y 1) 9 R 3E sl A X 18 R L T HE R 4 B I L BRI EL T B R
(D3G) X 8335 55 1F Uk, Ak 22 LUF IV 5 A8 B 6 h D3GR N, 45 R R, S i sh A v & R g 0, D3G R 1Y
W RIS, T 2, s (P 1), TR B AH P OR B R B i, D3G o e Hh B M 2 L R R A AIG Lo 1 5 . DR
B 0. 100 HYRR B i R — WY RR W B S i I R B AR o L 3 A Waters Atiantis® T3 C18, ¥t 3 AH 7 i
0.1% HIREEI I8P A HE R B & FI LK 2,
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Table 2 Mass spectrometry parameters for 18 mycotoxins

i Bk [iaexy] oy ¥ BTG WP EUR 2 R IE JFi 1} Lt Mass-charge ratio (m/z)
Abbre- Compound Molecular ~ JE3{ Precursor ~ Exact mass devia-  Retention BT FEF
viation formula  ion adduct form tion (X 10~°) time (min)  Precursor ion Fragment ions
AFB1  # % & % B1 Aflatoxin B1 C,H,,04 (M+H]" 1.47 9.06 313.0702  284.0228.256. 0129
AFB2 #1557 % B2 Aflatoxin B2 C,H,,0, [M+H]" —0.04 9.53 315.0858  287.0912,259. 0621
AFGl  ##8 # % G1 Aflatoxin G1 C,H,0, [M+H]" 0.80 10.08 329.0657  200.0466.,214. 0623
AFG2  # i 8 % G2 Aflatoxin G2 C,;H,,0, [M+H]" 1.85 10. 44 331.0807  286.1880.258. 5701
AFM1 3% 1% 8 % M1 Aflatoxin M1 C,H, 04 [M+H]" 0.05 10. 96 329.0650  273.0757.259. 0601
AFM2 3% 1% # % M2 Aflatoxin M2 C,H,0;, [M+H]" 1.13 11.08 331.0824  313.0758.285. 0801
OTA  #ih#E % A Ochratoxin A CypHCINO;, — [MAH]T 0.32 12.74 404.0890  358.0841.257. 0211
OTB  #il# % & B Ochratoxin B CyoH  NO, (M+H]" 1.04 13.21 370.1280  239.1363.211. 1445
OTC  #ilh# % & C Ochratoxin C Cy,H,,CINO,  [M+H]" 2.18 13.73 431.1135  278.1683,345. 1940
T-2 T-27% % T-2 toxin CyH, 04 [M+Na] —0.83 12. 38 467.2276  305.1384.,245. 1172
HT-2 HT-2% % HT-2 toxin C,,H,,04 [M+Na]" 0.51 11.76 425.2164  263.1277.245.1172
DON B4 8 Hi J) BB Deoxynivalenol  Cp5H, Oy [M+Nal' —0.62 6.43 297.1327  249.1121,203. 1067
FB1 {7 % B1 Fumonisin B1 CyH NO [M~+H] 1.12 14. 41 722.3952  546.3616.352. 3183
FB2  fkZ# % B2 Fumonisin B2 C,H,NO,, [M+H]' 0.73 15.03 706.4003  530.3661,336. 3234
FB3  fkE# % B3 Fumonisin B3 C,H,NO,, [M+H]' 1.89 14.79 706.4003  688.3903.354. 3341
ZEN  EARFEIE Zearalenone CsH,,05 [M+H]" 1.35 13.14 319.1541  283.1329.267. 0851
D3G  D3G # % Deoxynivalenol-3-glucoside ~ C,,H;,0, [M+H]" 1.92 14.17 459.1885  297.1333.249.1121
15-AC- 15-Z Pk 3 S0 5 16 5k 00 A7 A e C,H,,0;, [M+H]" 1.28 9.89 339.1438  261.1121,231.1016

DON  15-acetyldeoxynivalenol

2.0 1
1.8

P R A e

1.2 7
1.0 7 c I
0.8 7 —
0.6 7
0.4
0.2 1

% J¥ Intensity (X 10° mAu)

6 £} 8 9 10 11 12 13 14 15 16
i [5] Time (min)
1 FEBEZGT DICEREE
Fig.1 Chromatograms of D3G toxin under different chromatographic conditions
a: Waters Atiantis® T3 C18, ¥ 141 Mobile phase: #l1 0.1% iz # Add 0.1% ammonium formate; b: Agilent Poroshell 120 EC-18, i 54 Mobile
phase: h10.1% H 2 # Add 0.1% ammonium formate; c: Waters XBridge BEH C18, i 3 #1 Mobile phase: i1 0.1% H 2 # Add 0.1% ammonium
formate; d: Waters Atiantis® T3 C18, i 34 Mobile phase: /il 0.1% H i # No addition of 0.1% ammonium formate.

2.3 FEkIiE

2.3.1  FBRAE S BTRON A5 57 1) UPLC-Q-Orbitrap HRMS ¥4 SR F 55 3 [T DT [ 19 s 1 V5 W8 35 47 A 1

ﬁ%%ﬁfxﬂ%ﬂi%%ﬁ%#&ﬁi%?ﬁ&%%ﬁﬁ&ﬁ\ WA 373, ¥ GPC 5 SPE W i {0 5% 5 %) 52 24 5 o b
HEAT A% B AL, OF R 5 B T DG TR A 15-ACDON A 9 185 W A7 A 00 B, €5 35 Pl 0 RO AR B30 I i 8 . T A Ak 3

E’J 15-ACDONFRME W A5 K, T2  AHi R % .
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Fig.2 Total ion chromatogram of 18 mycotoxins after optimization of detection conditions
1: AFB1; 2: AFB2; 3: AFG1; 4: AFG2; 5: AFM1; 6: AFM2; 7: OTA; 8: OTB; 9: OTC; 10: T-2; 11: HT-2; 12: DON; 13: FB1; 14:
FB2; 15: FB3; 16: ZEN; 17: D3G5 18: 15-ACDON.

—_ k= = N
[T N - =
1 1 1 1 1

1.0 1

i J¥ Intensity (X 10° mAu)
o
[oe]

e 29
[SS I SN
1 L 1

T T
6 7 8 9 10 11 12 13 14 15 16
I [A] Time (min)

3 RAERTERERKSEMGT 15-ACDON &%
Fig.3 The chromatogram of 15-ACDON under the conditions of matrix-matched standard solutions
a: 5 3 R U FE A4 A5 5 Matrix-matched standard solution; b A< 4bF A9 AR 1E ¥ W Untreated standard solution.

2.3.2 FEFRIESE 18R E TR AT IS AL B b vk B TR N 2R R A A O R B K TR
T0.9992, Kt FR A 0. 20~7.00 pg-kg (% 3) o RIUEA Ty 6 BE ARG %5 B2, 76 1.2.5.10.20.50,100.,1000
F110000 pg-kg "X 9MNEAKAT 3 W25 46 B A5 b 2B 47 Inds o0 il 58, I 31 55040 X Ak 1 4l 22 (relative standard
deviation, RSD) . #5RKPI (3K 3), 18 Fh HL 18 8 R 75 0758 18 5 F k51 b b el i %82 80. 21 %6 ~104. 83% ,RSD
HF1.23%~10. 74% .
2.4 HAFARRARBEFRERLEBETAA AL LT AEA

R 57 (1) UPLC-Q-Orbitrap HRMS A I 252 473 75 7 58 46 & #F i, W3R 4 it/ | H i AR [R] DX H 7 I 28 78
B R R B i B R 2 AFB1 . AFB2 . DON \FB1.FB2 FB3 . ZEN, ZMICHk[ 1], H P 89.29% Y
BE G R Y AFBL, 0 3.43~117.83 pg-kg ', A 50% BYFE A T AFBL B I 2% IRAH . A 225 O B Lk
DON, % 4t 24 415. 78~6613. 75 pg-kg ', H i 28.57% WM& DON B th 2 % R . FB1 M & &t 4 275. 80~
109651. 35 pg-kg ', 21.43% MKE Sh 8 2 BRAE . 225 Gy KE S R G I ZEN, & &8 5. 14~2372.59 pg-kg ',
17.86%0 BYFE S Z 2 BRAA . 43 B 7E 126 £ B il Kt i B EC TR 75 2K D3G, 108 3 A v Ay 1 B ) L TR 7
15-ACDON,
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3 BWHEESZLMLE HXRZH OHR. EE2R. BEKE BEE
Table 3 Linear range, correlation coefficient, limit of detection (LOD) , limit of quantification (LOQ) , recoveries and

precision (n=6) of 18 mycotoxins

HEEER LM AH I ZR L o PR SE PR AL H 7 Silage alfalfa AE X A 7 i 22
Mycotoxin Linear range Correlation  Limit of detection  Limit of quantification W Additive [a] g % Relative standard de-

(}Lg'kg 1) coefficient (L()D, p.g'kg 1) (L()Q, pg‘kg 1) quantity (,Lg-kg ]) Rec()veries ( %) viation (RSD, %)

AFB1 0.5~30 0.9997 0.20 0.5 1.0 80. 21 3.83
2.0 83.42 1.94

5.0 86.23 1.23

AFB2 0.5~30 0.9992 0.20 0.5 1.0 85.11 8.75
2.0 86. 28 4.58

5.0 90.41 6.31

AFG1 0.5~30 0.9996 0.20 0.5 1.0 82.75 3.74
2.0 80. 53 4.57

5.0 84.58 5.42

AFG2 0.5~30 0.9993 0.20 0.5 1.0 80. 54 7.89
2.0 84.87 8.93

5.0 90. 24 8.75

AFM1 0.5~30 0.9999 0.20 0.5 1.0 81.21 3.89
2.0 85. 36 1.93

5.0 103.43 3.75

AFM2 0.5~30 0.9998 0.20 0.5 1.0 83.32 5.95
2.0 89.52 9.03

5.0 92.56 8.31

OTA 1.5~100 0.9995 0.50 1.5 2.0 80. 42 6.68
10.0 90.63 4.62

50.0 104. 83 7.53

OTB 1.5~100 0.9994 0.50 1.5 2.0 88.52 9.79
10.0 82.48 7.94

50.0 95. 64 6.88

oTC 1.5~100 0.9997 0.50 1.5 2.0 83.57 5.72
10.0 83.94 6.52

50.0 90. 42 4.42

T-2 8~100 0.9992 3.00 8.0 10.0 87.63 4.83
50.0 84.84 5.02

100. 0 91.57 3.62

HT-2 8~100 0.9994 3.00 8.0 10.0 80. 56 3.92
50.0 88.93 4.03

100. 0 97.51 4.72

DON 20~100 0.9996 7.00 20.0 20.0 88. 27 7.94
50.0 83.85 8.93

100. 0 88.79 9.46

FB1 10~10000 0.9997 3.00 10.0 10.0 85.43 7.85
100. 0 83.75 5.68

10000. 0 90. 77 10. 74
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25:3% Continued Table
HHEER R LEBSE 314 £ 1 BR JE R T AL B 1% Silage alfalfa AE A 1A s 22
Mycotoxin Linear range Correlation  Limit of detection  Limit of quantification e Additive a1 g % Relative standard de-
(pg-kg ) coefficient  (LOD, pg-kg ") (LOQ, pg-kg ) quantity (pg-kg™')  Recoveries (%)  viation (RSD, %)
FB2 10~10000 0.9997 3.00 10.0 10.0 88.63 6.68
100. 0 88.52 7.53
10000. 0 90.73 5.87
FB3 10~10000 0.9996 3.00 10.0 10.0 88.54 4.75
100. 0 83.43 5.42
10000. 0 88.41 6.05
ZEN 5~1000 0.9995 1.50 5.0 10.0 85.73 5.42
100. 0 89. 32 5.73
1000. 0 84.65 6.74
D3G 4~100 0.9994 1. 10 4.0 5.0 83.64 4.96
20.0 84.85 3.22
100. 0 89. 66 5.93
15-AC- 20~100 0. 9996 7.00 20.0 20.0 80.63 6.74
DON 50.0 89. 64 5.84
100. 0 84. 86 7.29
F4 HEFARAREEINEERREESREER
Table 4 Survey of mycotoxins in silage alfalfa products from different regions of Gansu
NGRS AR o 1 L 141 T B AL L 1) P LA R (H 2% A
Mycotoxin Sample Detection rate  Exceedance ratio Average Median Maximum Reference limit
number (%) (%) (pg-kg (pg-kg ") (pg kg (pg-kg )
AFB1 252 89.29 50. 00 36.72+1.13 25.79+1.52 117.83 30
AFB2 252 60. 71 / 36.93+0.74 25.93+1.02 109. 14 /
AFG1 252 53.57 / 19.18+0.63 1.27+0.36 99.59 /
AFG2 252 39.29 / 9.29+1.30 N.D. 78.73 /
AFM1 252 57.14 / 5.274+0.50 0.81+0.06 48.53 /
AFM2 252 42. 86 / 6.75+0.70 N.D. 56.79 /
OTA 252 35.71 7.14 16.00+1.20 N. 126.79 100
OTB 252 17.86 6.8140.90 N. 85.43 /
OTC 252 7.14 / 3.3440.40 N.D 51.19 /
T-2 252 14.29 3.57 49.47+2.40 N.D. 521.60 500
HT-2 252 14. 29 / 4.2241.50 N.D. 53.36 /
DON 252 89.29 28.57 2774.24+22.30 2538.05420.23 6613.75 5000
FB1 252 89.29 21.43 32038.51+173.42 23515.824+104.53 109651. 35 60000
FB2 252 71.43 7.14 9416.34+125.70 1152.98+91. 53 81732. 32 60000
FB3 252 64.29 / 133.41410. 81 101.3248. 53 668. 94 /
ZEN 252 89.29 17.86 368.77+45.74 91.2744.53 2372.59 1000
D3G 252 50. 00 / 23.43+2.20 5.1840.89 97.82 /
15-ACDON 252 42.86 / 35.13+3.40 N.D. 169. 99 /

“UFR TR N D, FoR KK H ¢/ indicates no data, “N. D.” stands for “not detected”

. FIf] The same below.
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Table 5 Mycotoxin levels in silage alfalfa from different regions of Gansu (pg-kg™)

i IX. AFB1 AFB2 AFG1 AFG2 AFM1 AFM2 OTA OTB oTC
Region

LW 114.614+3.22% 104.56£4.58 94.2145.38 70.32£8.42 40.38+7.38 52.17+4.62  118.38+£8.41*  79.3445.21  48.23+£2.96
LL 112.324+4.51* 100.53+£3.81 90. 3445.02 64.78+8.31 43.11+5.42 50.114+5.03  107.84+7.35%  82.354+3.08  45.19+1.49
QH 87.3442.80% 93.224+4.33 74.39+4.42 43.114+3.39 10. 32+0.83 15.38+1.23 46.934+4.31 N.D. N.D.
QX 83.26+2.23*% 94.6143.65 76.3243.97 40.2146.17 9.4940.62 17.29+1.05 50.51£2.94 N.D. N.D.
pPC 80.3144.47* 83.37%4.17 53.6143.73 20.64£5. 04 12.11£0. 55 14.28+1.41 25.8141.83 N.D. N.D.
PJ 78.4745.18%  84.2343.82 50.2742.88 14.38+£2.95 10.37£0.48 15.19£1.09 23.274+2.11 N.D. N.D
W 76.7343.86% 80.3442.81 30.4843.51 N.D. 5.0240.25 6.9310.83 35.8442.78 12.73£1.05 N.D.
TQ 60.3642.74%  72.2643.22 28.5744.02 N.D. 4.66£0.84 7.8940.69 34.9641.94 14.32+1.63 N.D.
DA 40.82+2.33*  63.68+2.88 11.61+2.11 2.21£0.73 2.924+0.26 3.83+0.11 N.D. N.D. N.D
DT 48.37+1.65%  60.23£2.99 14.82+1.93 1.93+0.31 3.48+0.41 4.11+0.09 N.D. N.D. N.D.
BH 39.22+2.43*  40.39+4.24 3.37+1.12 0.9540.08 1.32+0.37 0.9440.03 2.3140.37 1.84+0.11 N.D.
BJ 37.1141.71*  38.4543.05 4.33£0.95 0.88=0.07 1.26+0.24 0.86=£0.04 2.07£0. 46 N.D. N.D
LY 38.6441.12%  40.624+2.17 2.160.03 0.722£0.03 0.89£0.04 N.D. N.D. N.D. N.D
LX 35.3241.46% 41.13+1.84 1.8240.03 N.D. 0.93£0.07 N.D. N.D. N.D. N.D.
WL 16.26£1.69  11.47£1.19 0.72+0.03 N.D. 0.732£0.06 N.D. N.D. N.D. N.D.
WM 15.17+1.34  10.18£0.13 N.D. N.D 0.6340.02 N.D N.D N.D N.D
JYD 12.43+1.91 4.89+0.02 N.D. N.D. N.D. N.D. N.D. N.D. N.D.
JYS 15.77+1. 24 N.D. N.D N.D. N.D. N.D. N.D. N.D. N.D.
7G 8.224+0.97 N.D. N.D N.D N.D N.D N.D N.D N.D
7S 6.72+1.14 N.D N.D. N.D N.D. N.D N.D N.D N.D
M 3.244+0.73 N.D N.D N.D N.D N.D N.D N.D. N.D.
) 3.85+0.88 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Y 5.37+0.94 N.D N.D N.D N.D N.D N.D N.D. N.D
JG 4.27+0.63 N.D. N.D N.D. N.D. N.D. N.D. N.D. N.D.
D 3.8540.42 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
GD N. D. N.D N.D N.D N. D. N.D N.D N.D N.D.
GX N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Ly N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
HiIX T-2 HT-2 DON FB1 FB2 FB3 ZEN D3G 15-ACDON
Region

LW 514.11£7.49% 50.6242.74  6400.56£23. 16%  109445. 624205. 73*  81485. 74£246.58*  632.93125.61 2241.43+£131.16* 95.662.16% 147.554-19. 94

LL 486.74411.04 44.82£2.33 6591.344-22.41* 103463.43£184.86%  80363. 654-257. 72%  649.46-19.48 2472.624-110.64* 90.18=+1.63* 151.42£18.57

QH N.D. N.D. 5211.44416.77+  75329.22+164. 65  14059. 72+200. 11 284.27£10.37 834.714+91.58  88.54+1.93 95.63+14.63
QX N.D. N.D. 5178.284-17.84*  72877.844186.83* 13262.74+188.04  301.11+11.34 840.15+73.95 79.73+£1.28 104.254+15.18
PC N.D. N.D. 5311.91£19. 15%  64741.364+118.93*  10901.52£163.48  265.424+9.57  764.47£82.07 55.37£2.01 144.33+£13.42

PJ N.D. N.D. 5201.434:20.79*  56753.91£100.66  10443.634152.61  244.39£10.21 702.52411.05

o)

0.91£1.16 154.844-14.29

™ 218.56+£8.94  10.964-0.73  5100.75+14.11*  65362.824-125. 11*  10033.42143.53  288.34+-11.42 517.16+£17.11

w
a1

.3641.93  86.45+7.73

TQ 165.784+4.72  11.73£0.48 5041.36+20.73* 53762.64+137.42  10741.944122.36  293.47+12.36 433.63+8.74 40.74+1.82  80.22+£8.56
DA N.D. N.D. 4692.11+18.76  45743.85+104. 52 8218.64+142.44  207.38£8.65  401.3246.87 22.361.71  38.2745.47
DT N.D. N.D. 4494.42+15.36  46511.15£79.64 7200.644163.02  228.38£7.47  290.2544.65 25.72£2.68  30.18+2.26

BH N.D. N.D. 4003.584-16.39  52193.84£167.73 6150.834-134.38  198.56£6.93  252.114-3.48 18.86£1.49  32.6341.06
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2% Continued Table

X T-2 HT-2 DON FB1 FB2 FB3 ZEN D3G 15-ACDON
Region

BJ N.D. N.D. 3914.43412.33  46348.92+107.61 5846.85+121.17  188.37+7.04  148.36+5.51 20.18+2.55  37.92+0.83
LY N.D. N.D 3492.87+14.92  47563.474190.07  2130.83+101.62  206.73+6.83  140.22+4.61 12.14+0.89 N.D.
LX N.D. N.D. 3688.22£16.72  47673.88+£176.17  2128.93489.04 196.631+7.48 94.16£6. 46 10.36£0. 14 N.D.
WL N.D N.D 1104.52£11. 32 1277.32£60. 42 177.02415.93 14.27£0.85 88.3844.52 N.D. N.D
WM N.D N.D. 1391. 28+14.51 1287.78+92.53 166.93+10.78 12.11+0.69 14.15+0.77 N.D. N.D.
JYD N.D N.D. 1336.89+10. 47 1068. 56+68. 19 164.21+12.88 N.D. 15.69+0. 46 N.D. N.D.
JYS N.D. N.D. 1583.23413.85 1075.54475.03 154.63+5.67 N.D. 18.52+0. 68 N.D. N.D.
7G N.D. N.D. 873.34£10.99 1011.57£95. 36 13.22£0.82 N.D. 13.34+£0.63 N.D. N.D.
A N.D N.D 664.21+£12. 31 1053. 31£86. 29 12.340.73 11.32£0.57 11.560. 71 N.D N.D
M N.D. N.D. 523.75+8.93 626.79+54. 31 N.D. N.D. 7.88+0.92 N.D. N.D.

i) N.D. N.D. 524.66+9.72 604. 55+39. 82 N.D. 11.83+£0. 66 6.72+0.59 N.D N.D

Y N.D. N.D. 446.3547.63 425.37£56.06 N.D. N.D. 5.3840.14 N.D. N.D.

G N.D. N.D 485.5248.31 558.29+£44.72 N.D. N.D. 5.5940.31 N.D. N.D

D N.D. N.D. 422.3646.58 317.28+41.48 N.D. N.D. 5.2140.07 N.D. N.D.
GD N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
GX N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

LJ N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

LW B #§ 3CE Wen County, Longnan City; LL: BB & Long County, Longnan City; QH: K FI¥FE Huan County, Qingyang City; QX: X FH P 1%
Xifeng District, Qingyang City; PC: 4% fF Chongxin County, Pingliang City; PJ: “F 5134 JI| Jingchuan County, Pingliang City; TW: KK # 1l
Wushan County, Tianshui City; TQ: K7K%JH Qinzhou District, Tianshui City; DA : 7 74 % & Anding District, Dingxi City; DT : % 7§ i Il Tongwei
County, Dingxi City; BH: [14R 2 7 Huining County, Baiyin City; BJ: [14R %5 # Jingyuan County, Baiyin City; LY : 22 M 4 " Yuzhong County,
Lanzhou City; LX: 22 1 X Lanzhou New District; WL: 2 & 7/l Liangzhou District, Wuwei City; WM: & & & # Mingin County, Wuwei City;
JYD: 4 B % %€ Dongzhai Town, Jinchang City; JYS: 4x £ /K i Shuiyuan Town, Jinchang City; ZG: 3K #i &5 Gaotai County, Zhangye City; ZS: 3K
11 F} Shandan County, Zhangye City; ZM: 5k 4% B 4k Minle County, Zhangye City; JJ: 5 J& 43 Jinta County, Jiuquan City; JY: /& %] Yumen
City, Jiuquan City; JG: ¥ 5% JRH Guazhou County, Jiuquan City; JD: i 5 (2 Dunhuang City, Jiuquan City; GD: H ¥ i%# Diebu County, Gannan
Prefecture; GX: H B & ¥ Xiahe County, Gannan Prefecture; LJ: Iifi & F1 4 LI Jishishan County, Linxia Prefecture. T [A] The same below. “*” 3R .

W R & EEEBR B S %R (P<0.05).“*” indicates that the mycotoxin concentration significantly exceeds the reference limit (P<<0. 05).

2.5 HAFRRARERRALELT R FPAAFZ AR

W5 R, SCH B B IS AR AE b 18 R B #E R A A, Hoh B R AFB1.OTA [ T-2.DON,
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